Involvement of Na and Cl in ouabain-induced cell swelling in thick ascending limb of rat kidney.
Changes in the volume of isolated segments of rat medullary thick ascending limb (MAL) were studied by a photographic technique, after tubule incubation in isotonic solutions in the absence or presence of ouabain and/or K. When segments were incubated at 30 degrees C in NaCl solution, their volume increased by 75% after removal of external K, and by 170% after removal of external K plus addition of 1 mmol/l ouabain. At steady state, tubular volume was a function of the external K concentration. Resting volume was obtained with external K concentrations higher than 0.1 and 1.0 mmol/l in the absence and presence of ouabain respectively. When MAL samples were incubated in isotonic K-free Na2SO4 or K-free choline Cl solution, their volume per unit of length was similar to that determined in NaCl medium, but there was no swelling after the addition of ouabain. The ouabain-induced swelling was shown to depend on both the Na and Cl concentrations in the incubate (apparent Km of 87 and 80 mmol/l for Na and Cl respectively). Swollen tubules recovered their resting volume when ouabain, Na or Cl was removed from the incubation medium. Recovery of resting volume was also observed after addition of K into the incubation medium. These observations indicate that rat MAL cell volume is the result of coupled passive net fluxes of Na and Cl, which depend on the respective electrochemical gradients for Na or Cl across the cell membranes and the Na-pump activity which continuously extrudes Na.